Background: Dietary habit is one of the important determinants of health. Investigation of the association between diet and blood lipids at the food product level is more advantageous than that at the nutrient level because the results can be applied more directly to improving dietary habits for disease prevention. Methods: The integrated datasets of the NIPPON DATA and National Nutrition Surveys in Japan conducted in 1980 and 1990 were used for analysis. The association between serum total cholesterol concentration and food group intake was examined by multiple linear regression analysis separately for sex and survey year with data adjusted for age, body mass index and total energy intake. Results: Intakes of rice, sugar, sweets and snacks, fruit and vegetables other than green and yellow ones were lower and intakes of green and yellow vegetables, mushrooms, seaweed, eggs and milk were higher in the 1990 survey than in the 1980 survey. Intakes of meat, milk and eggs showed a positive association with serum total cholesterol concentration in both sexes while intake of legumes showed a negative association only in men in both the 1980 and 1990 surveys. Conclusions: Sex-and age-specific food group intakes for 1980 and 1990 were identified, and positive and negative associations between serum total cholesterol concentration and food group intake were revealed in a representative sample of the Japanese population. The results provide some insights into the improvements in dietary habits that can be made for disease prevention in Japan.
INTRODUCTION
The prevention of arteriosclerotic disease has become increasingly important in Japan in recent times. The onset of arteriosclerotic disease is closely associated with risk factors such as blood lipids, blood pressure and several lifestyle factors, and prevention of the disease through lifestyle modification has been reported mainly in Western countries.
1,2 Improving lifestyle through, for example, eating and exercise, has been recommended for the proper control of blood cholesterol concentration. Reducing intakes of meat, milk, dairy products and egg yolk while increasing intakes of vegetables and fruit has been shown to be effective for the prevention of coronary disease. 1 Furthermore, the recommended amount of intake has been specified for each food group, nutrients such as fat and dietary fiber, and even detailed nutrients such as fatty acids. 2 Studies at the nutrient or fatty acid level are important to clarify the effects of nutrient intake on blood lipid level, while studies at the food or food group level are of value in that the results can be applied more directly to the improvement of daily dietary habits. The present study aimed to reveal food group intake by sex and age group from data collected in 1980 and 1990, and to determine any association between serum total cholesterol concentration and food group intake in the Japanese general population.
METHODS
The integrated datasets of NIPPON DATA80/90 (National Integrated Project for Prospective Observation of Noncommunicable Disease And its Trends in the Aged) were used for data analysis. These datasets contained the results of the third (1980) 3 and fourth (1990) 4 National Surveys on Circulatory Disorders as baseline data, with additional data on nutritional intake per individual estimated from the results of the National Nutrition Surveys in Japan 5, 6 ; hereinafter referred to as the 1980 survey and the 1990 survey. The details of the datasets have been reported elsewhere. 7 In the present study, data from subjects who consumed 500-5000 kcal/day of total energy were included for analysis; seven subjects from the 1980 survey and one subject from the 1990 survey whose total energy intake was less than 500 kcal/day, and eight subjects from the 1980 survey and one subject from the 1990 survey whose total energy intake was more than 5000 kcal/day were excluded.
For data analysis, we used 17 food groups from among the 18 food groups and 2 subgroups (rice and wheat from cereals) defined in the National Nutrition Survey in Japan: rice, wheat, nuts and seeds, potatoes, sugar and preserves (hereafter sugar), sweets and snacks, fat and oil, legumes, fruit, green and yellow vegetables, other vegetables (ie, vegetables other than green and yellow ones), mushrooms, seaweed, fish and shellfish (hereafter fish), meat and poultry (hereafter meat), eggs, and milk and dairy products (hereafter milk). Cereals were not used for the analysis because they are mainly composed of rice and wheat, and intake of cereals other than rice and wheat (eg, soba and cornflakes) were heterogeneous and rather small. Moreover, we did not use the food groups "seasonings and beverages" and "other food" because both of these food groups were heterogeneous and their nutritional significance was thus considered difficult to interpret.
Statistical analysis involved the following. The means and standard deviations of intake of each food group by sex and age group for each survey year were calculated. Multiple linear regression analysis was then performed separately for sex and survey year with serum total cholesterol concentration (mg/dl) as the objective variable and age (years), body mass index (kg/m 2 ), total energy intake (kcal/day) and intake of food groups (g/day) as the explanatory variables (covariates). Data for the 17 food group intakes were entered into the model first separately (model 1) and then collectively (model 2). The intake of legumes, which was significantly negatively correlated with serum total cholesterol concentration only in men, was also analyzed in a population of women aged 55 years or older. Differences were considered significant at P < 0.05. All statistical analysis was performed using SPSS® 17.0J.
RESULTS
Mean food group intakes were analyzed for 4578 men and 5829 women in the 1980 survey and 3487 men and 4853 women in the 1990 survey (Tables 1 and 2 ). Intakes of rice, sugar, sweets and snacks, fruit and other vegetables were lower and intakes of green and yellow vegetables, mushrooms, seaweed, eggs and milk were higher in the 1990 survey than in the 1980 survey, in both men and women.
Because the classification of green and yellow vegetables was somewhat different between the two surveys, 5, 6 the combined intakes of green and yellow vegetables and other vegetables (ie, total vegetables) was examined and found to be similar in both surveys.
The association between serum total cholesterol concentration and food group intake was analyzed for those with available data (4569 men and 5818 women in the 1980 survey, 3220 men and 4494 women in the 1990 survey) ( Table 3 ). The means and standard deviations of serum total cholesterol concentration and body mass index were 186.4 ± 32.8 mg/dl and 22.5 ± 2.9 kg/m 2 in men and 191.2 ± 34.0 mg/dl and 22.8 ± 3.4 kg/m 2 in women in the 1980 survey, and 198.6 ± 36.8 mg/dl and 22.9 ± 3.0 kg/m 2 in men and 206.9 ± 38.8 mg/dl and 22.8 ± 3.3 kg/m 2 in women in the 1990 survey, respectively.
Firstly, the associations with serum total cholesterol concentration were examined when each food group intake was separately entered into multiple linear regression analysis (model 1). In the 1980 survey, a significant negative association was found for intakes of rice, potatoes and other vegetables in both sexes, for legumes and seaweed only in men and for fish only in women. A significant positive association was found for wheat, fat and oil, meat, eggs and milk in both sexes and for sugar, fruit and green and yellow vegetables only in women. In the 1990 survey, a significant negative association was found for rice in both sexes and for potatoes, sweets and snacks, legumes and other vegetables only in men. A significant positive association was found for wheat, meat and milk in both sexes, for nuts and seeds only in men and for fruit, green and yellow vegetables and eggs only in women.
Secondly, the associations with serum total cholesterol concentration were examined when all food groups intake was collectively entered into multiple linear regression analysis (model 2). In the 1980 survey, a significant negative association was found for rice and potatoes in both sexes and for legumes and other vegetables only in men. A significant positive association was found for meat, eggs and milk in both sexes and for sugar only in women. In the 1990 survey, a significant negative association was observed for potatoes, sweets and snacks and other vegetables in men and for rice only in women. A significant positive association was found for meat and milk in both sexes and for nuts and seeds and fish only in men.
Intake of legumes, which was shown to be negatively correlated to serum total cholesterol concentration only in men, was also analyzed to determine the association with serum total cholesterol concentration among women aged 55 years or older (2098 in the 1980 survey and 1950 in the 1990 survey). Intake of legumes was not significantly associated with serum total cholesterol concentration, with a small negative standardized regression coefficient in each survey (standardized regression coefficient (β) = −0.031, P = 0.170 in the 1980 survey; β = −0.006, P = 0.786 in the 1990 survey). 
DISCUSSION
Food products known to contribute substantially to higher serum total cholesterol concentration include meat, eggs, milk, other dairy products and butter. 8 Similarly, in the present study, meat, milk and eggs were also significantly positively associated with serum total cholesterol concentration in the representative sample of the Japanese population for the years 1980 and 1990. When the results of the 1980 and 1990 surveys were compared, intakes of eggs and milk and serum total cholesterol concentration were higher in the 1990 survey than in the 1980 survey, but the standardized regression coefficients of these food products in the 1990 survey were smaller than those in the 1980 survey. On the other hand, habitual intake of fish is known to be a negative predictor of serum total cholesterol. 9 However, in the present study, statistically significant negative association between fish intake and serum total cholesterol concentration was found only in women in the 1980 survey, and positive association was observed in men in the 1990 survey.
In Japan, several national health promotion measures have become active for decades. Opportunities for medical checkups was increased under the Law of Health and Medical Services for the Aged enacted in 1983 and people have more conscious of serum total cholesterol concentration which was add to the test items of the medical check-ups. The Food Group Intake and Serum Total Cholesterol in Japan S-578 government established "Dietary Guidelines for Health Promotion" in 1985, 10 and recommends, for example, taking various types of food for balanced nutrition and not consuming excessive fat, considering the quantity and type of fat consumed. Also, nutritional education recommending, for example, those with high serum total cholesterol concentration to reduce egg intake has become more common. Annual report of National Nutrition Survey in Japan conducted in 1988 11 alerted an increase of osteoporosis in the elderly in context of low intake of calcium and new government established dietary guideline 12 recommends taking calcium-rich foods, such as milk, small fish and seaweeds, for preventing osteoporosis. It is unsure that these health promotion measures influence the effect of food intake on serum total cholesterol concentration, however, several lifestyle and socioeconomic factors might have contributed to the effect of food intake on serum total cholesterol, and even make a reverse causality in some situations.
In the present study, the intake of legumes was inversely associated with serum total cholesterol concentration in men, but not in women of any age group or in women aged 55 years or older. Rosell et al found a significant negative association between the intake of soybeans and serum total cholesterol concentration in women, with a particularly strong association observed in postmenopausal women. 13 Although we performed analysis among women aged 55 years or older, many of whom should have undergone menopause, we were not able to perform analysis in a population consisting only of postmenopausal women due to lack of information in the datasets about menopause. When food group intake was separately entered into multiple linear regression analysis in the present study, the intake of rice decreased and that of wheat increased serum total cholesterol concentration in both sexes in both surveys. On the other hand, when food group intakes were collectively entered into the analysis, the intake of rice also decreased serum total cholesterol concentration in all groups except for men in the 1990 survey; however, no positive association was found between wheat and serum total cholesterol concentration. This suggests that the effect of food patterns, such as Japanese-type or Western-type meals, is greater than the direct effect of individual food groups, such as rice and wheat. Indeed, in a previous study examining the association between food patterns and serum total cholesterol concentration in Japanese, in which food patterns were divided into meat-based, vegetable-based and Western-type meals, higher levels of serum total cholesterol were found to be associated with meat-based and Western-type meals than with vegetable-based meals. 14 In the present study, a negative association was also observed between vegetable intake and serum total cholesterol concentration. This might have been due to an increase in the intake of dietary fiber from vegetables, although Brown et al have suggested that the direct effect of dietary fiber in decreasing serum total cholesterol concentration is not so significant and that a "healthy food choice pattern" as represented by choosing food containing a large amount of dietary fiber instead contributes to the maintenance of serum total cholesterol concentration at an appropriate level. 15 Future studies need to be performed from multiple viewpoints to Food Group Intake and Serum Total Cholesterol in Japan S-580 promote disease prevention through improved dietary habits. Such studies should focus on nutrients, food groups or food pattern including food choice, which is more closely related to daily dietary habits.
Using the integrated datasets of the NIPPON DATA 80/90 and the National Nutrition Surveys in Japan conducted in 1980 and 1990, the present study has revealed positive and negative associations between serum total cholesterol concentration and food group intake in a representative sample of the Japanese population. Several limitations in estimating sex-and age-specific food intake using data based on the intake of whole family units and a cross-sectional design should be taken into consideration. 7 Nevertheless, the results provide some insights into the improvements in dietary habits that can be made for disease prevention in Japan.
